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I. Introduction
Plant ion channels
Before the patch clamp technique became available for studying ion channels in higher plants, ion transporters were predominately investigated in giant Characean algae (Hope & Walker, 1975; Sanders, 1981; Beilby, 2016) . In these 'green' systems, the large plant cell structures were electrophysiologically analysed in a similar manner to that of the classical squid giant axon. The contributions of certain algal channels were mostly hidden within the obtained current voltage curves, which were rather complex in nature and difficult to interpret. In 1984, the patch clamp allowed the first direct measurements of single ion channel fluctuations in plant cells (Moran et al., 1984; Schroeder et al., 1984) . Apart from classical impalement electrode recordings, patch clamping cell wall-free membrane patches and the whole-cell configuration enabled the experimenter to define and control the ion composition on both sides of the cell membrane. This allowed the microscopic single-channel current amplitudes and open probability to be compared with the macroscopic whole-cell currents. Thus, the contribution of single K + and anion channels within assemblies of ion channel, carrier and pump currents across the plasma and vacuolar membrane could be quantified. Consequently, bona-fide carrier-driven K + currents monitored in guard cells using classical current recording microelectrodes (Blatt, 1987 (Blatt, , 1988 were unequivocally identified as voltage-dependent K + channel moiety, encoded by KAT1/KST1-type plant K + inward-rectifying channels of the Shaker structure (Schroeder et al., 1987; Muller-Rober et al., 1995) .
In the guard cell system in the same year (1989) , the patch clamp technique also identified the first two anion channels (Keller et al., 1989; Schroeder & Hagiwara, 1989) . Depending on the imposed voltage protocols (Schroeder & Keller, 1992) , two different anion channel currents were elicited; these were later classified as S-type (slow) and R-type (rapid) channels. To activate S-type anion channels in the guard cell plasma membrane, an initial predepolarization phase was required. During voltage steps to more hyperpolarized potentials, a fraction of the wholecell currents slowly inactivated with time (Schmidt et al., 1995; Roelfsema et al., 2004) . The steady-state current-voltage curve revealed a weak rectifying anion channel entity, which was later associated with the product of the SLAC1 gene (Negi et al., 2008; Vahisalu et al., 2008) . In contrast to the S-type, R-type channel currents appeared after prehyperpolarization (Hedrich et al., 1990) , followed by more positive-going voltage steps, during which quickly activating anion channels currents were elicited. When the gene was cloned, it was given the name QUAC1 (Meyer et al., 2010) after Klaus Raschke, who named both channel classes: SLAC1 for the S-type and QUAC1 for the R-type (Linder & Raschke, 1992; Raschke, 2003; Raschke et al., 2003) . Upon lengthy voltage stimulation, R-type currents inactivated and this became faster with a more depolarized membrane potential. The current voltage relationship of the R-type channel, together with its time and voltage-dependent inactivation, is reminiscent of depolarization-activated neuronal Na + channels (Hedrich et al., 1990; Kolb et al., 1995) . In animal cells, the chloride gradient is inwardly directed and anion channels are involved in stabilization of the weakly negative resting potential. However, the extracellular side of the plant cell membrane faces low anion concentrations, such as found in pond water. This is why the plant membrane depolarizes upon plant anion channel opening. In contrast to SLAC-as well as QUACtype channels, which, incidentally, are not found in animals, the chloride channel (ClC) channel-type genes are expressed in animals as well as plants and bacteria. While ClCs in animals are mostly localized at the plasma membrane (for an overview and for organelle ClCs, see Jentsch, 2015) and operate as anion channels with a preference for chloride, ClC genes in bacteria operate as Cl À / H + cotransporters (De Angeli et al., 2006) . Plant ClCs are anion/ H + exchangers localized at the vacuole membrane, which seem to control the nitrate/chloride pool of the central organelle, endoplasmic reticulum and Golgi (Accardi & Miller, 2004; De Angeli et al., 2009) .
In animal cells, anion channels controlled by intracellular Ca 2+ have recently been identified as TMEM16A (anoctamin 1) and bestrophin 1 (BEST1) (Kunzelmann, 2015) . The animal transmembrane protein (TMEM) type channel requires cytosolic calcium for activity (Schroeder et al., 2008) . The Arabidopsis genome also contains a single-copy TMEM gene (At1g73020, mentioned in Hedrich, 2012) , but its function has not yet been studied.
Bestrophins function as Ca 2+ -activated monovalent anion channels in mammalian membranes. Very recently, two anion channel genes were identified as bestrophin-like channels in Arabidopsis (At3g61320 and At2g45870, named AtVCCN1 and 2) and were shown to be expressed in thylakoid membranes of the chloroplast (Duan et al., 2016; Herdean et al., 2016) . However, the homology to animal bestrophins is very weak (≤ 9%) and both AtVCCN1 and 2 lack functional Ca 2+ -binding sites. This suggests that plant VCCNs represent a family of uncharacterized anion channels rather than real bestrophin orthologues. Electrophysiological experiments and nonphotochemical quenching analysis with loss-of-function mutants indicate that these voltagedependent Cl À channels fine-tune the proton motive force (PMF) and accelerate photoprotective mechanisms by anion influx into the thylakoid lumen during illumination. The electrical characteristics are similar to anion channel recordings in the thylakoid membrane of Peperomia metallica by Sch€ onknecht et al. (1988) and in Nitellopsis obtusa by Pottosin & Sch€ onknecht (1995) .
Given that excellent reviews of the biology of ALMT/QUACand ClC-type channels have been published elsewhere (Zifarelli & Pusch, 2010; Roelfsema et al., 2012) , this review focuses solely on the role and structure-function relationships of the SLAC-type channels.
II. SLAC1 evolved before stomata
By mining plant genome databases, Dreyer et al. (2012) comprehensively studied the structural evolution of the SLAC1 anion channel family. In the aquatic environment, a huge variety of tellurite-resistance/dicarboxylate transporters (TDTs) evolved. In algae, transporters have been identified that share features with malic acid transport proteins (MAEs). None of these is a clade of SLAC-like orthologues though, showing greater similarity to the malate permease Mae1 from Schizosaccharomyces pombe. Thus, closer relatives of the common ancestor of SLAC-like channels still need to be identified in Chlorophyta. Upon transition from the aquatic to the land environment, only one of these protein classes survived, giving rise to the evolution of SLAC-like channels. In angiosperms, such as Arabidopsis, three different groups of SLAC1-type anion channels can be clearly classified: the SLAH1/ 4-group containing AtSLAH1 and 4, the SLAH2/3-group comprising SLAH2 and 3, and the SLAC1-group harbouring Arabidopsis SLAC1, the founding member of the SLAC/SLAH family (Dreyer et al., 2012) . The SLAH1/4-group separated from the other groups in a very early event before the appearance of bryophytes. The functional and structural diversity of the SLAC/ SLAH class further increased with the separation of the SLAH2/3 group from the SLAC1 group, which took place in a subsequent event after the appearance of bryophytes but before the occurrence of lycophytes (Dreyer et al., 2012) . When further comparing the evolution of SLAC1 channels and plant species it becomes apparent that SLAC1 evolution followed the species tree (Fig. 1a) . Following transition to land, SLAC1-type anion channels could already be found in plant lineages basal from seed plants such as green algae 5 µA 2 s
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Transition to land DoSLAC1 Fig. 1 Evolution of S-type anion channels and their regulation via phosphorylation/dephosphorylation. (a) Phylogenetic tree of selected slow anion channel 1 (SLAC1) anion channels of the following plant species: Klebsormidium nitens (Kn-), Marchantia polymorpha (Mp-), Physcomitrella patens (Pp-), Selaginella moellendorfii (Sm-), Ceratopteris richardii (Cr-), Arabidopsis thaliana (At-), Chlorella variabilis (Cv-), Dichanthelium oligosanthes (Do-), Sorghum bicolor (Sb-), Zea mays (Zm-), Oryza sativa (Os-), Ananas comosus (Ac-), Phoenix dactylifera (Pd-), Musa acuminata (Ma-) , Vitis vinifera (Vv-), Cucumis melo (Cm-), Brassica rapa (Br-) and Pinus parviflora (Pip-). Species where SLAC-type anion channels were functionally characterized are displayed as icons. Major steps in plants' evolution are indicated at the root of the phylogenetic tree. (b) Whole-cell patch clamp recordings revealed the ABA-dependent activation of S-type anion currents in Vicia faba guard cell protoplasts (from Roelfsema et al., 2006; Ó 2006 John Wiley & Sons) . (c) Coexpression of SLAC1 and open stomata 1 (OST1) in Xenopus oocytes led to macroscopic anion currents reminiscent of S-type currents in guard cells. Additional expression of the PP2C phosphatase ABAinsensitive 1 (ABI1) inhibited SLAC1-derived anion currents.
(Klebsormidium nitens, fresh water alga believed to be one of the first plants that colonized land), liverworts (Marchantia polymorpha), mosses (Physcomitrella patens), lycophytes (Selaginella moellendorffii) and ferns (Ceratopteris richardii) (Lind et al., 2015; McAdam et al., 2016) . At the level of the seed plants, SLAC1 channels appear basal in gymnosperms followed by a clear separation in the angiosperm lineages between monocot and dicot SLACs.
Elegant work with the moss P. patens has shown that the components required for proper stomatal development are present in this early land plant Chater et al., 2016) . Furthermore, it was revealed that the stomata found on the Physcomitrella sporophyte promote large amounts of water loss, which enables them to break open during the slow process of dehiscence, thus allowing the release of spores. Fast transcriptionindependent stomatal closure in response to high CO 2 , as well as to low air humidity and abscisic acid (ABA), strictly depends on the SnRKinase OST1 (Hedrich, 2012; Bauer et al., 2013a,b) . This kinase, which causes the Open Stomata 1 phenotype in Arabidopsis, was initially recognized in Vicia faba as an ABA-activated serinethreonine protein kinase (AAPK) (Li et al., 2000) (for ABAdependent S-type current activation see Fig. 1b ). Impairment of kinase function renders stomata insensitive to ABA by eliminating ABA activation of the S-type anion channels. When SLAC1 from the dicot Arabidopsis and its homologues from the monocots Oryza sativa and Phoenix dactylifera were expressed in the Xenopus oocyte system, the channel proteins appeared not to mediate anion currents (Negi et al., 2008; Vahisalu et al., 2008) . Only when coexpressed with OST1 do SLAC1 gates open (Geiger et al., 2009; Sun et al., 2016; M€ uller et al., 2017) (Fig. 1c) .
As moss plants possess stomata (Fig. 1a) , the question arises: do they also have the fast guard cell signalling components SLAC1 and OST1? The Physcomitrella genome harbours two SLAC1-type genes, PpSLAC1 and 2 (Lind et al., 2015) , and four OST1-like SnRK2s (Chater et al., 2011) . When the moss OSTs were expressed with Arabidopsis SLAC1, PpSnRK2s activated the guard cell anion channel (Lind et al., 2015) . By contrast, the moss PpSLAC2 did not respond to either AtOST1 or any of the PpOSTs. A weak activation of PpSLAC1 was found with AtOST1 and PpOST1.2, and this activity could be further enhanced after the exchange of the native PpSLAC1 NT (N-terminus) by the AtSLAC1 NT (Fig. 2a) . When the OST1 insensitive moss isoform PpSLAC2 received the N-terminus of AtSLAC1, the chimera only gained some activity (Fig. 2b) . Only when, in addition to the NT, a 10-amino-acid stretch that is conserved in the C-terminus from PpSLAC1 to Arabidopsis was introduced (Fig. 2c ) did the PpSLAC2 from the moss gained full OST1 sensitivity (Chater & Gray, 2015; Lind et al., 2015 for review) .
Regarding SLAC1-OST1 pairs from the stomata-free liverwort M. polymorpha and the freshwater Charophyte K. nitens, OST1 was unable to activate any of the SLAC1 channels. However, the OST1 isoforms of the liverwort and alga did activate the Arabidopsis guard cell-expressed SLAC1. In addition to mosses, lycophytes and ferns also have stomata that cover the outer surface of their leaf-type structures. The genome of the lycophyte S. moellendorffii contains four SLAC1 anion channels and three OST1-like kinases. The SmOST1s were unable to activate the SmSLACs, but did activate the Arabidopsis S-type anion channel (McAdam et al., 2016) . Interestingly, one of the OST1-insensitive Selaginella SLAC1s has gained constitutive activity in the absence of an SnRKinase, when expressed in oocytes. With the fern C. richardii, it was recently shown that gametophyte sex is determined by ABA and that this requires an OST1-type SnRK2 (McAdam et al., 2016) . Both CrOST1s not only activate AtSLAC1, but one of the two CrSLAC1s gains some OST1 sensitivity (McAdam et al., 2016) . Taken together, these findings suggest that some moss and fern SLAC1s possess rudimentary OST1 sites and therefore ferns may represent evolution's playground for SLAC1 activation. However, active ABA-dependent stomatal control has, as yet, not been shown in ferns (Brodribb & McAdam, 2011; McAdam & Brodribb, 2012) . By contrast, the gymnosperms represent the first group of extant land plants with an undisputed and functional stomatal response to ABA, which is critical for preventing water loss (McAdam & Brodribb, 2014) . Nonetheless, there are an extensive number of extinct genera and families of seed fern that evolved after the ferns, but before the gymnosperms. These probably represent evolution's playground for SLAC1 activation by an ABA signalling pathway. This evolution gave rise to the active control of stomatal closure, which in seed plants became an essential feature for the optimization of CO 2 carbon gain and water loss. Upon drought stress, flowering plants and early land plants express dehydrins, proteins that aid dehydration survival (Graether & Boddington, 2014) . Expressing the OST1s of the early land plants that do not activate the corresponding SLAC1s rescued AtSLAC1 activity and dehydrin expression in Arabidopsis transspecifically (Lind et al., 2015) . What do gymnosperm and early angiosperm guard cells require in order to become competent for fast CO 2 and ABA-induced closure?
It should be noted that if early land plants did operate a SLAC1-OST1 system in guard cells as well as cells adjacent to these motor cells, the entire leaf would undergo volume changes. This would hinder fast stomatal movement, if not make it impossible.
In moss, SLAC1 and OST1 are expressed in the sporophyte, which possess only a small population of guard cells, as well as in the stomata-free gametophyte. In the dicot Arabidopsis and monocot O. sativa, SLAC1 and OST1 are predominately expressed in the guard cells (Negi et al., 2008; Vahisalu et al., 2008; Kusumi et al., 2012) . When during evolution from early land plants did the OST1 and SLAC1 of flowering plants became guard cell-specific? This question will be answered by comparing the expression profiles of the moss sporophyte with guard cells and stomata-free mutants . By comparing the RNA spectra of the moss guard cells with those of early and advanced fern species, as well as with higher plants, insights into the evolution of fast stomatal signalling will be gained. (Fig. 3) 
III. Multisensory guard cells integrate abiotic and biotic signals
Red and blue light
Guard cells sense both the red and blue light spectra of sunlight to adjust stomatal aperture for photosynthesis Shimazaki et al., 2007) . In albino plants, which result from impaired carotenoid synthesis, guard cells also lack functional green chloroplasts. By contrast, stomata in variegated leaf sections do contain photosynthetically active chloroplasts. Upon blue light stimulation of nongreen leaf patches of both plants, the plasma membrane of guard cells hyperpolarizes and the stomata open (Roelfsema et al., 2006; Marten et al., 2007a) . Nonetheless, the same stomata do not respond to photosynthetically active radiation, indicating that guard cells respond to light through two independent signalling pathways. The red light pathway requires photosynthetically active mesophyll cells, which reduce the intercellular CO 2 concentration and cause inhibition of plasma membrane anion channels (Roelfsema et al., 2002 ) (see also the CO 2 signalling subsection later). Blue light also inhibits S-type anion currents in guard cells of wild-type Arabidopsis, but not in the phototropin phot1/2 type BL receptor mutants (Marten et al., 2007a ). These results demonstrate that blue light inhibits plasma membrane anion channels, whereas others found that it stimulates the guard cell plasma membrane proton pump autoinhibited H + -ATPase 1 (AHA1; Shimazaki et al., 2007; Kinoshita & Hayashi, 2011; Yamauchi et al., 2016) . Preventing anions (negative charges) from leaving the cell and activating the outwardly directed H + pumps will result in a more negatively charged, hyperpolarized, guard cell membrane potential. Blue light signalling 1 (BLUS1) was isolated using a forward genetic screen for Arabidopsis mutants 
Review
Tansley review New Phytologist defective in blue light-specific stomatal opening (Takemiya et al., 2013a,b) . The Ser/Thr protein kinase, BLUS1, mediates a primary step for phototropin signalling in guard cells. Given that BLUS1 functions as a phototropin substrate, this guard cell-expressed kinase promotes stomatal opening, most probably by inhibiting SLAC1 anion channels.
ABA-signalling
Our current knowledge about the role of SLAC1 and OST1 in guard cell signalling pathways is predominately, if not solely, derived from work on Arabidopsis. Pei et al. (1997) were the first to use guard cell protoplast of Arabidopsis to study ABA-dependent anion current responses. In this cell wall and turgor-free protoplast system, ABA induces slow anion currents in wild-type but not in the ABA-insensitive PP2C phosphatase mutants abi1-1 and abi2-1 (Koornneef et al., 1984; Finkelstein & Somerville, 1990; Leung et al., 1994; Meyer et al., 1994) . These findings, in combination with kinase and phosphatase inhibitor analysis, allowed the authors to conclude that S-type anion channel regulation via ABA involves phosphorylation/dephosphorylation steps. Stomatal closure has been observed both with and without preoccurring changes in cytosolic calcium concentrations (Hetherington & Brownlee, 2004; Levchenko et al., 2005; Roelfsema & Hedrich, 2010 for review) . Apparently, the ABA-dependent pathway in guard cells has both a calcium-dependent and an independent branch (Levchenko et al., 2005; Marten et al., 2007b) , with both branches sharing the same ABA receptor(s) of the pyrabactin resistance (PYR)/PYR-like (PYL)/regulatory component of ABA receptor (RCAR)-type and the PP2C phosphatase coreceptors ABA-insensitive and homologue of ABI (ABI1, ABI2 and HAB1) Geiger et al., 2009; Ma et al., 2009; Park et al., 2009; Melcher et al., 2010; Hua et al., 2012) . The steps from binding of ABA to receptors, through to the OST1 activation of SLAC1, do not require elevated cytoplasmic calcium (Geiger et al., 2009 . However, patch clamp studies on isolated guard cell protoplasts, as well as microelectrode work on intact guard cells in their natural environment of the plant leaf, have shown that elevation of cytosolic calcium also activates S-type anion channels (Schroeder & Hagiwara, 1989; Stange et al., 2010) .
In addition to OST1, the Arabidopsis growth controlled by the ABA 2 (gca2) mutant, which carries a deregulated calciumdependent kinase of the calcium-dependent protein kinase 23 type (CPK23; Grill & Ruschhaupt, 2016) , also has an open stomata phenotype. When SLAC1 is expressed in oocytes with wild-type CPK23, the guard cell anion channel becomes activated without any requirement for cytosolic calcium elevation . CPK23 is sister to CPK21. When the CPK23 gene is impaired by mutation, CPK21 becomes more expressed and vice versa. Nonetheless, in contrast to CPK23, SLAC1 phosphorylation by CPK21 is calcium-dependent Scherzer et al., 2012) . A similar behaviour is seen with CPK3 and 6, with CPK6 activation of SLAC1 not requiring cytoplasmic calcium elevation, whereas activation by CPK3 does (Scherzer et al., 2012) . However, contrasting results have been found by others (Brandt et al., 2012) . When an artificial substrate is used instead of the SLAC1 N-terminus in in vitro assays, CPK6 activity gains calcium dependence (Brandt et al., 2012) . This shows that the actual kinase substrate is important. In addition to the CPKs, SLAC1 is also phosphorylation-activated by calcium sensor kinases of the calcineurin B-like/CBL-interacting protein kinase type (CBL/ CIPK; Maierhofer et al., 2014a) .
Other than gca2, further CPK mutants have not been identified as open stomata mutants. In guard cells of a quadruple CPK mutant cpk3/5/6/11, ABA triggered stomatal closure and flg22 induced leaf cell membrane depolarization similarly to the wild-type (Guzel Deger et al., 2015) . With increasing loss of CPKs, however, S-type anion currents and stomatal closure do become affected (Brandt et al., 2015) . Nonetheless, with multiple loss-of-gene function, particularly in mutant plants with components that are already known to affect gene expression, huge modifications to the transcript profile can occur. Consequently, changes that are likely to cause pleiotropic effects cannot be excluded.
CO 2 signalling
Slow anion channel 1 was isolated from screens for mutants that do not close their stomata in response to high CO 2 or ozone in the atmosphere (Negi et al., 2008; Vahisalu et al., 2008) . This guard cell anion channel mutant was also impaired in ABA-induced closure. Indeed, the CO 2 , ozone and ABA signalling pathways are interconnected; they share the final SLAC1 and OST1-dependent step for stomatal closure (Xue et al., 2011; Merilo et al., 2013) . Interestingly, both ABA and CO 2 signalling depend on functional ABA receptors . Unbiased genetic screens and targeted gene knockout approaches for altered high CO 2 response have identified a set of associated mutants (Hu et al., , 2015 Xue et al., 2011) . What do these mutants tell us about CO 2 signalling in guard cells in general and SLAC1 activation in particular? Unfortunately, they have not yet provided candidates that could serve as CO 2 receptors. Working models suggest that CO 2 enters the guard cell cytoplasm via a PIP2.1 (plasma membrane intrinsic protein) aquaporin -the aquaporin that has already been shown to conduct H 2 O 2 (Dynowski et al., 2008; Wang et al., 2016) . In the cytoplasm, CO 2 is converted into bicarbonate by carbonic anhydrases (Hu et al., , 2015 Xue et al., 2011) . This bicarbonate is the substrate for phosphoenolpyruvate carboxykinase (PEPC). Guard cells operate a malate-based C 4 metabolism and they have reduced Calvin cycle activity, which produces reduction equivalents and ATP. In the context of stomatal opening, the C 4 pathway metabolite oxaloacetate is reduced to malate by malate dehydrogenase, and this metabolite serves as a counterion to potassium in guard cells .
It is unclear how HCO 3 , OAA or malate triggers OST1-dependent SLAC1 activation. However, loss of carboanhydrase (CA) genes and several kinase mutants, such as mitogen-activated protein kinase 4 and 12 (MPK4 and 12), high leaf temperature 1 (HT1), resistant to high CO 2 (RHC1) and guard cell hydrogen peroxide resistant 1 (GHR1), affect the CO 2 sensitivity of stomatal closure (see Engineer et al., 2016 for review) (Fig. 3) .
It has been observed that high concentrations of intracellular bicarbonate activate S-type anion channels in guard cells Xue et al., 2011) . Patch clamp experiments have shown bicarbonate activation of S-type anion currents and this was interpreted as SLAC1 being activated by CO 2 signal perception in the transmembrane region. Because ABA activation of S-type anion currents in SLAC1 truncation mutants was found to be completely disrupted (Yamamoto et al., 2016) , the mechanism for CO 2 -induced SLAC1 activation was suggested to differ from that for ABA. In contrast to injection of high concentrations of NaHCO 3 into guard cell protoplasts, SLAC1-expressing oocytes did not produce S-type anion currents . Nonetheless, upon coexpression with OST1 or SLAC1-activating CPKs, high HCO 3 injection enhanced S-type anion channel activity. Given that the functional properties of SLAC1 truncation mutants lacking OST1 and CPK sites have not yet been tested in oocyte expression studies, the mode of HCO 3 action on C or N terminals and/or transmembrane sites remains unclear. Bicarbonate treatment of Brassica napus guard cells does cause profile changes in redox metabolites and hormones, as well as in primary C and N metabolites and defence-response pathways (Misra et al., 2015) . Indeed, as these treatments can cause large metabolite imbalances, one must be aware that, as well as direct effects on CO 2 signalling, bicarbonate challenges can also result in pleotropic side-effects.
Reactive oxygen species signalling
Reactive oxygen species (ROS) play a key role in the acclimation process of plants to stress (Choudhury et al., 2016) . ROS, including ozone and hydrogen peroxide, induce stomatal closure and are considered important second messengers in ABA signalling in guard cells (Vahisalu et al., 2010; Sierla et al., 2016) . In current models of the regulation of stomatal closure, ROS is produced by the plasma membrane NADPH oxidase and released into the apoplastic space of guard cells. Sensed by an unknown ROS receptor, signal transduction leads to cytosolic calcium influx and, in turn, activation of guard cell anion channels (Pei et al., 2000) . Compared with ABA and CO 2 signalling, knowledge of ROS signalling in guard cells is less detailed. The isolated GHR1 encodes a receptor-like kinase localized to the plasma membrane of Arabidopsis (Hua et al., 2012) . ghr1 mutants are defective in ABA and H 2 O 2 induction of stomatal closure and S-type anion currents in guard cells. Indeed, GHR1 activates SLAC1 when coexpressed in oocytes. However, the GHR1 activation of SLAC1 only occurs when both proteins are linked to two halves of bimolecular fluorescence complementation (BiFC) constructs, as discussed in more detail later. GHR1 activation was found to be inhibited by ABI2 but not by ABI1, even though the latter inhibits SLAC1 activation by OST1 (Geiger et al., 2009) . Given that the ligand to GHR1 remains unknown and that this receptor-like kinase has been classified as a pseudokinase in another study (Sierla et al., 2016) , the role of GHR1 in the activation of SLAC1 remains largely unknown. Activation of Ca 2+ channels by H 2 O 2 , ABA and CO 2 -induced stomatal closing is also disrupted in the gca2 mutant (Pei et al., 2000; Young et al., 2006) . This may indicate that CPK23 is essential for ROS signalling in guard cells. It would be interesting to see if and how CPK23 and/or other calciumdependent SLAC1-activating kinases modulate direct GHR1 activation of SLAC1. Where to place ABI1, which inhibits SLAC1 activation by OST1, and ABI2, which is required for blocking the GHR1 effect on the guard cell anion channel, within the ROS signal transduction pathway is also a matter of conjecture. Nonetheless, it has recently been shown that ROS induces nonenzymatic production of ABA from precursors (McAdam et al., 2017) . Such ABA production would require ABA as a central element in both drought and oxidative stress and CO 2 signalling pathways in the guard cell.
Pathogens
When open, stomata provide access for pathogenic microorganisms to enter and infect plant leaves. Thus, stomata, in addition to regulating the gas exchange of the plant, also act as pathogates (Sawinski et al., 2013; McLachlan et al., 2014) . Furthermore, some plant pathogens have evolved specific virulence factors to overcome stomata-based defences. So how do guard cells recognize microbes and close the stomata to prevent pathogen invasion? Arabidopsis guard cells perceive the bacterial surface molecules known as pathogen-associated molecular patterns (PAMPs) and they can respond accordingly (Fig. 4) .
Chitin When conidia of the powdery mildew fungus Blumeria graminis are allowed to germinate and grow hyphae into barley leaves, the stomata respond when the appressoria develop (Koers et al., 2011) . At this stage of infection, guard cells have developed Stype channel currents, suggesting that PAMPs from mildew hyphae penetrating the cuticle provoke activation of S-type anion channels in guard cells. Fungi grow a GlcNAc-based (N-acetyl-Dglucosamine) chitin cell wall, and plants can recognize components such as polyglucosamine (chitosan) as PAMP (Maffi et al., 1998) . When chitosan, applied via open stomata, reaches the substomatal cavity and guard cell plasma membrane currents are monitored by microelectrodes, stimulation of S-type anion channels can be observed (Koers et al., 2011) . Likewise, PAMPs within a mixture derived from yeast were shown to activate S-type anion channels in guard cells of Arabidopsis (Ye et al., 2013) .
Flagellin Intracellular calcium transients, membrane depolarization and ROS emission are all integral parts of the signalling cascade during PAMP-triggered immunity in plants (see Hedrich, 2012 for review, Fig. 4) . Melotto et al. (2006) have shown that guard cells do recognize the PAMP flagellin peptide flg22 from the flagella of Pseudopomas-type bacteria. For a proper response to flg22, guard cells require the flagellin receptor flagellin sensing 2 (FLS2) and the SnRKinase OST1. Pathogen-induced changes in anion channel activity, similar to that of barley guard cells, have also been observed in Arabidopsis (Guzel Deger et al., 2015) . When guard cells encounter flg22, calcium transients are induced (Thor & Peiter, 2014) , S-type anion channels activate and stomata rapidly close. This response is impaired in mutants that lack the guard cell SLAC1 and its close homologue SLAH3 (SLAH3 is addressed in detail later). Stomata of the slac1/slah3 double mutant are also insensitive to ABA, which indicates that SLAC1 and SLAH3 mediate the PAMP and ABA-induced guard cell S-type anion currents. In New Phytologist addition, Flg22-dependent stomatal closure is impaired in guard cells that lack the key ABA-signalling protein kinase OST1. However, the ABA-insensitive mutant abi1 closes its stomata in response to flg22 (Guzel Deger et al., 2015) . These scenarios suggest that the initial steps in flg22 and ABA signalling are different, but that the pathways merge at the level of OST1 activation of SLAC1 and CPK-dependent activation of SLAH3 anion channels.
Crosstalk between anion and K + channels
As well as SLAC1 activation, OST1 was also shown to interact directly with KAT1, resulting in inhibition of KAT1-mediated inward K + currents (Acharya et al., 2013) . While OST1 loss-offunction mutants were insensitive to ABA and did not inhibit K + in currents, overexpression of OST1 in Arabidopsis guard cells increased the inhibitory effect of ABA on the activity of inwardrectifying K + channels. Experiments in oocytes and yeast pointed to threonine 306 in the C-terminal domain of KAT1 as a critical phosphorylation site for the negative regulation of KAT1 activity via OST1 (Sato et al., 2009) . Along with the antagonistic regulation of SLAC1 and KAT1 by OST1, direct interaction between KAT1 and the guard cell-expressed S-type anion channels SLAC1 and SLAH3 has recently been demonstrated Zhang et al., 2016) . In guard cells, as well as in the Xenopus oocyte system, this interaction has severe effects on the activity of KAT1. In slac1-1 and slac1-3 plants, K in + -channel currents were dramatically reduced . Interestingly, the same electrical phenotype could also be observed in guard cells of SLAC1 or SLAH3 overexpressing lines . Furthermore, coexpression of KAT1 and SLAC1 or SLAH3 in oocytes clearly reduced the KAT1-mediated K + currents . In addition, the C-terminus of KAT1 and both termini of SLAC1 were found to be involved in the downregulation of KAT1 activity by interaction with SLAC1. These results can be discussed in terms of tight coupling between stomatal opening and closure. Consequently, one could imagine that the effects observed by complementing SLAC1 knockout plants with a SLAC1 channel harbouring point mutations or deletions of the N-and/or C-terminal region could be enhanced, decreased or even inverted by interfering with both stomatal closure and opening.
IV. Anion channels in shoot and root
Guard cells interact with neighbours within the leaf epidermis
In a dicot such as Arabidopsis, stomatal complexes are formed by pairs of Helleborus-type guard cells (Croxdale, 2000) , which share apoplastic space with the surrounding epidermal cells. The size and volume of the pavement cells are large compared with those of guard cells. In this system, several epidermal cells together are the likely source of potassium salts that enter guard cells during stomatal opening, as well as acting as a repository for ions when stomata close.
In monocots, the guard cell pairs are surrounded by one to three pairs of subsidiary cells of about the same size (Croxdale, 1998 (Croxdale, , 2000 . During stomatal movement, guard cells exchange solutes and water predominately with their nearest neighbours. Guard cells stretch when subsidiary cells shrink and vice versa. Grasses have developed stomatal complexes with dumbbellshaped guard cells that face a single lateral pair of subsidiary cells. For maize, K + and Cl À shuttle between guard cells and subsidiary cells, as has been documented with electron-probe microanalysis (Raschke & Fellows, 1971) . To drive the ion shuttle and stomatal movements, membrane transport resulting from the same signal has to be regulated inversely in guard cells (GCs) compared with subsidiary cells (SCs). This notion is supported by the fact that ion channels are differentially expressed between GCs and SCs, and large differences in transmembrane electrical properties occur between the two cell types. Stomatal closure is accompanied by an initial hyperpolarization of subsidiary cells, while the opposite response is observed during stomatal opening. Patch clamp experiments (Buchsenschutz et al., 2005) . Future RNA profiling of GCs and SCs in monocots such as maize and barley, similar to that carried out in Arabidopsis guard cells (Bauer et al., 2013a) , will provide interesting insights into the molecular mechanisms underlying the grass type guard cell ion shuttle system.
SLAH3 is a component of mesophyll cell nanodomain signalling
In contrast to SLAC1, SLAH3 expressed in oocytes can only be activated by coexpression with calcium-dependent kinases from the CPK and CIPK-CBL families, not with OST1 (Geiger et al., 2011; Maierhofer et al., 2014a) . Moreover, while SLAC1 expression is restricted to guard cells, SLAH3 is expressed in both guard cells and mesophyll cells. In Arabidopsis mesophyll cells, a pool of steroldependent proteins, associated with detergent-resistant membrane fractions, has been found (Demir et al., 2013) . In animal cells, such 'lipid rafts' have been shown to act as miniature dynamic signalling platforms in the plasma membrane (Foster et al., 2003) . In the plant platform, SLAH3 colocalizes with the SLAH3 kinase CPK21 and the ABA signalling phosphatase ABI1. Upon addition of ABA and in the presence of the ABA receptor, enhanced interaction between SLAH3 and CPK21 was observed. Thus, in mesophyll cells, nanodomain ABA-signalling via ABI1 seems to control the association of SLAH3 with CPK21 and, in turn, activation of the SLAC1 homologue SLAH3.
SLAH3 is involved in pollen tube growth
Do we find SLAC/SLAH channels in flowers? The male flower produces pollen that germinates on the sigma, and pollen tubes grow with their cargo of two sperm cells towards the placenta housing the egg cells. Tip growth of pollen tubes relies on the formation of localized ion gradients across the plasma membrane (Michard et al., 2009) . In 2013, Gutermuth et al. showed that anions are released specifically at the tip of growing pollen tubes. It is well known that inwardly directed calcium gradients and fluxes at the tip direct pollen tube growth (Pierson et al., 1994; Feij o et al., 1999; Michard et al., 2008) . As SLAH3 is expressed in pollen tubes, along with several members of the CPK family, this supports the notion that the CPK-activated SLAC1 homologue mediates calcium-dependent anion transport in the tip-growing system. Heterologous expression of SLAH3 along with the pollen tube-expressed CPKs in oocytes revealed that CPK2 and CPK20 activate SLAH3-mediated anion currents. In planta, interaction studies combined with analysis of SLAH3 and CPK2/CPK20 loss-of-function mutants have provided unequivocal evidence that SLAH3 activity is involved in pollen tube tip growth (Gutermuth et al., 2013) . Massive tip-localized influx of calcium activates CPKs, and via phosphorylation, gates SLAH3 open, thereby driving Ca 2+ -dependent anion release at the tip of the growing pollen tube.
SLAH1, 2 and 3 control nitrate and chloride loading of the root xylem
In plants, chloride and nitrate are the major counterions for potassium uptake and they play crucial roles in N nutrition and osmoregulation. These anions are taken up from the soil by the root and translocated to the shoot via the xylem. For long-distance xylem transport, nitrate and chloride have to be released from the xylem parenchyma cells into the xylem vessels.
The negative membrane potentials of plant cells in general and that of the root in particular (up to À250 mV), combined with the outwardly directed nitrate and chloride concentration gradients, suggest that nitrate and chloride entry into the xylem vessels is passive (Glass & Siddiqi, 1995) . Patch clamp studies have identified several types of anion conductances in protoplasts prepared from xylem parenchyma cells (Kohler & Raschke, 2000; Gilliham & Tester, 2005 ). An inward-rectifying anion channel (X-IRAC), a slowly activating anion conductance (X-SLAC) and a quickly activating anion conductance (X-QUAC) were shown to be nitrate-and chloride-permeable (Roberts, 2006) . Moreover, Gilliham & Tester (2005) showed that X-IRAC and X-QUAC are differentially regulated by water stress, and Kohler et al. (2002) observed that apoplastic nitrate modifies the voltage-dependent gating of X-QUAC. The properties described for the channel-based chloride and nitrate conductances of xylem parenchyma protoplasts are reminiscent of the electrical characteristics observed in anion channels from the SLAC/SLAH family. The phylogenetic tree of the SLAC protein family is characterized by the presence of two main branches that separate SLAC1, SLAH2 and SLAH3 proteins from the highly homologous family members SLAH1 and SLAH4 (Dreyer et al., 2012) . SLAH3 is not stimulated by OST1 and requires an increase in extracellular nitrate for channel opening (Geiger et al., 2011) . Phosphorylation at its N-terminus and the availability of nitrate shifts the voltage-dependent gate of SLAH3 to the resting potential of cells and thereby activates SLAH3. Recently, Cubero-Font et al. (2016) colocalized SLAH3 and SLAH1 in the xylem pole pericycle cells adjacent to the water and nutrient conducting xylem vessels (Fig. 5a) . Interestingly, both single and double SLAH1/SLAH3 loss-of-function mutants conducted only half the chloride content in their xylem sap compared with the corresponding wild-type plants, while the xylem sap nitrate content appeared to be unchanged (Cubero-Font et al., 2016; Qiu et al., 2016) . Subsequent coexpression studies between SLAH3 and SLAH1 in Xenopus oocytes revealed that these SLAH-subunits specifically interact with each other, resulting in the activation of SLAH3 even in the absence of an activating kinase and nitrate (Fig. 5b) . Detailed biophysical studies involving several mutants of SLAH3 and SLAH1 allow us to conclude that SLAH1 represents a silent modulatory subunit which, upon interaction with SLAH3, activates the latter anion channel and, moreover, influences the anion selectivity of SLAH3. Thus, heteromerization between SLAH1 and SLAH3 creates a nitrate-independent nitrate and chloride conductance. Poplar extrafloral nectaries express the constitutively active PttSLAH3 anion channel. When coexpressed with 
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AtSLAH1, this kinase-independent SLAH3 isoform gains a major chloride conductance. This behaviour suggests that SLAH1-SLAH3 heteromerization represents a general speciesindependent SLAH3 nitrate-chloride switch (Cubero-Font et al., 2016; Jaborsky et al., 2016) . Upon salt stress and/or ABA treatment, however, the transcription of SLAH1 and SLAH3 is massively reduced (Fig. 5c) . Indeed, we have recently shown that another stelar-localized anion channel SLAH2 from the SLAC/SLAH family mediates nitrate-selective currents and could therefore ensure nitrate loading of the xylem when SLAH1 and SLAH3 expression is down-regulated by soil salinity (Cubero-Font et al., 2016) . Thus, the down-regulation of SLAH1 and SLAH3, while maintaining the nitrate-selective anion channel activity of SLAH2, might represent an elegant way of ensuring nitrate supply while circumventing salt (i.e. chloride) uptake under saline conditions (Fig. 5c , see also Li et al., 2017, for review) . Future studies are required to show whether there is also a more direct and faster regulation of the SLAH1/SLAH3 heteromer activity than the currently known and rather slow transcriptional control.
5. SLAH2 is a strictly nitrate-selective root anion channel SLAH2, the closest homologue of SLAH3 (Dreyer et al., 2012) , is expressed in the root stele and the hypocotyl (Negi et al., 2008; Maierhofer et al., 2014b; Zheng et al., 2015) . Similar to SLAH3, SLAH2 activity requires phosphorylation by calcium-dependent kinases of the CPK or CIPK/CBL-type at its N-terminal domain and the presence of nitrate in the extracellular space (Maierhofer et al., 2014b) . However, the strict nitrate specificity clearly distinguishes SLAH2 from the chloride/nitrate permeable SLAC1 and SLAH3 as well as from other known anion channels from plants, animals and bacteria (Fig. 6a) . Although the physiological role of SLAH2 in the root stele has not yet been explored in detail, it is tempting to speculate that SLAH2 is responsible for nitratespecific loading of xylem vessels. V. Structural basis for selectivity and gating
SLAH2 is the key to the anion selectivity filter
Although the crystal structure of the bacterial homologue of SLAC1 from Haemophilus influenza and SLAC/SLAH models derived thereof are available (Chen et al., 2010) , the molecular determinants of anion selectivity remained unclear. With SLAC/ SLAH-type anion channels that differed markedly in their anion selectivity, Maierhofer et al. (2014b) performed structure-function experiments in Xenopus oocytes to identify the molecular grounds of the peculiar nitrate-specificity of SLAH2. Using the crystal of Haemophilus influenza tellurite resistance protein (HiTehA) as a template, SLAC1 and SLAH2 structural models could be visualized (Fig. 6b) . Inspired by these 3D models and the distinct electrical properties of SLAC1 and SLAH2, structure-guided chimera between SLAC1 and SLAH2 were generated. Electrophysiological analysis of the respective mutants in Xenopus oocytes revealed that the transmembrane domain 3 predominantly determines the selectivity of S-type anion channels (Maierhofer et al., 2014b) . Subsequently, site-directed mutagenesis pinpointed the location of the selectivity filter of SLAH2 to a serine at position 228 (Fig. 6c) .
Exchange of Ser228 to the corresponding valine residue present in SLAC1 converted the nitrate-specific SLAH2 into a nitrate-and chloride-permeable SLAC-type anion channel. Interestingly, this mutation at position 228 not only changed the selectivity of SLAH2, but also rendered SLAH2 independent of the availability of nitrate at its extracellular face.
Phosphorylation gates the SLAC/SLAH anion channels open
The structure of HiTehA (and the SLAC1 model derived from this structure) showed a trimeric assembly composed of quasisymmetrical subunits (Chen et al., 2010) . The monomers consist of 10 transmembrane helices. The inner five-helix transmembrane ring contains the pore comprising a central, highly conserved, phenylalanine residue (F450 in Arabidopsis SLAC1), potentially representing the anion gate. Replacement of the pore phenylalanine by alanine turned both HiTehA and its plant homologue SLAC1 into an open anion channel (Chen et al., 2010) . However, in contrast to SLAC1, the bacterial homologues do not contain large cytosolic N-and C-terminal domains, so structural information from these cytosolic domains is lacking in the structure derived from crystals. As mentioned earlier, SLAC1, SLAH2 and SLAH3 require phosphorylation at their N termini for activation (Geiger et al., 2009 (Geiger et al., , 2011 Brandt et al., 2012 Brandt et al., , 2015 Scherzer et al., 2012; Maierhofer et al., 2014a,b) . However, the molecular mechanism that translates the phosphorylation signal into the opening of the pore is still not understood. Interestingly, we could show that heteromerization between the silent modulatory subunit SLAH1 and SLAH3 is sufficient to activate SLAH3 even in the absence of an activating kinase and the ligand nitrate (Cubero-Font et al., 2016) . Similar to the mechanism of activation by phosphorylation, the molecular basis for the activation of SLAH3 by heteromerization is still not known. Future 3D model-guided chimera and site- 
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Auxiliary proteins can gate SLAC1 open
In contrast to the gating mechanism, our knowledge concerning the phosphorylation events at the N terminus is already fairly advanced. In oocytes, it has been shown that either OST1 or CPK6 is sufficient to activate SLAC1, and that the individual kinases target kinase-specific phosphorylation sites (Geiger et al., 2009; Brandt et al., 2012) . While OST1 phosphorylates the N terminus of SLAC1 at position S120 (Geiger et al., 2009) , CPK6 phosphorylates at serine 59 (Brandt et al., 2012) . In an elegant study, Brandt et al. (2015) expressed the single SLAC1 mutants S59A, S120A or the double mutant in the background of the slac1-1 knockout mutant. Patch clamp studies and stomatal aperture measurements revealed that only the double mutant, but not the single mutants, showed impaired responses to ABA, similar to the response in the slac1-1 mutant. In oocytes, a single kinase (either OST1 or CPK6) is sufficient to activate SLAC1. Nonetheless, it is concluded that both phosphorylation sites (S59 and S120) have to be phosphorylated in order to activate SLAC1 (Brandt et al., 2015) . Future studies now need to show whether the calcium-dependent and calciumindependent ABA-signalling pathway in guard cells are independent of each other or are needed simultaneously to activate SLAC1. OST1 loss-of-function mutants display the most extreme ABAinsensitive guard cell phenotype, and patch clamp studies have demonstrated that these mutants are characterized by strongly diminished S-type anion channel currents compared with wildtype plants (e.g. Li et al., 2000; Geiger et al., 2009) . Further evidence for functional OST1/SLAC1 interaction was provided by OST1/SLAC1 coexpression in oocytes, which resulted in SLAC1-derived macroscopic S-type anion currents, while SLAC1 expression alone did not mediate anion currents (Geiger et al., 2009; Lee et al., 2009) . The kinase-dead OST1 mutant D140A was not capable of activating SLAC1, and when the OST1 phosphorylation site in SLAC1 (S120) was mutated to alanine, SLAC1 was no longer activated by OST1. Taken together, these results clearly indicate that SLAC1 and OST1 do indeed functionally interact. However, in contrast to activation of SLAC1 by CPKs or CIPK/CBL complexes, activation by OST1 could only be reproducibly achieved when SLAC1 and OST1 were fused to complementary halves of a yellow fluorescent protein (YFP) molecule (Geiger et al., 2009; Brandt et al., 2012 Brandt et al., , 2015 . This observation initially led to the conclusion that SLAC1 and OST1 might have to be forced together artificially by the complementation of the YFP molecule. However, Maierhofer et al. (2014a) recently demonstrated that it is sufficient to fuse OST1 to a YFP half. Coexpression of the OST1 fusion construct with the native SLAC1 anion channel revealed similar SLAC1 anion current densities in oocyte experiments to SLAC1/CPK coexpression or coexpression of SLAC1/OST1 BiFC constructs. This finding indicates that fusion of half of the YFP protein to the C terminus of OST1 increases kinase activity, and thus SLAC1 activation via OST1 is higher and more reproducible. As BiFC experiments are hampered by the fact that YFP complementation stabilizes the interacting partners, researchers should conduct experiments with native proteins. Thus, as a precaution, in the case of SLAC1 and OST1, only the kinase should be equipped with a YFP half to enhance kinase activity in the heterologous expression systems. If this is not done, forced interaction between auxiliary proteins and SLAC1, which could cause effects such as unforeseen changes in functional properties and biology, cannot be excluded.
Aside from activation of anion channels via auxiliary proteins such as OST1 or CPKs, certain anionic ligands also play a major role. The guard cell R-type anion channel AtALMT12/QUAC1 requires extracellular malate and/or xylem-derived sulphate to fully activate (Hedrich et al., 1990; Meyer et al., 2010; Imes et al., 2013; Malcheska et al., 2017) . In the same context, calcium kinasedependent SLAH2 and SLAH3 gate opens only when nitrate is present at the extracellular face of the anion channel (Geiger et al., 2011; Maierhofer et al., 2014b) . In the date palm P. dactylifera, a SLAC1 isoform was identified that required OST1 for activation and extracellular nitrate for gating (M€ uller et al., 2017) . Thus, date palm PdSLAC1 behaves like a chimera between Arabidopsis AtSLAC1 and AtSLAH3. Future analysis of SLAC1s from different branches of the plant tree of life will help in identifying when and where anion channels evolved sites for cofactor-dependent SLAC/ SLAH gating.
VI. Future opportunities
In recent decades, our knowledge about plant SLAC/SLAH anion channels in respect of their physiological function, structure and regulation by various environmental signals has become quite well advanced. The discovery and improvement of new and existing techniques and methods such as the patch clamp technique, X-ray crystallography, next-generation sequencing and RNA-seq, in conjunction with the availability of an almost complete collection of Arabidopsis gene knockout lines, have greatly facilitated research on plant anion channels. In conclusion, as well as being involved in the transport of nutrients, plant anion channels of the SLAC/SLAH family have a central function as master switches of stress responses.
However, several questions still need to be answered: What is the function of SLAC1 in ancient species lacking stomata?
When during evolution did OST1 and SLAC1 specifically express in guard cells and actively regulate the stomatal aperture?
How do plants sense relative humidity, CO 2 concentrations and ROS (H 2 O 2 ) signals and how do these signals integrate into the regulatory mechanism of SLAC/SLAH anion channels?
The SLAC/SLAH channel complex, which involves a growing number of regulatory proteins, is largely missing. Structural information as well as dynamic processes leading to the assembly or disintegration of these signalling complexes needs to be resolved.
How is phosphorylation of the N-terminal domain of SLAC/ SLAH anion channels or the interaction between SLAH1 and SLAH3 subunits translated into the opening of the channel pore? Do the regulatory pathways, which are well known from intensive research on guard cells, also account for the control of Stype anion channel activity in other plant cells/tissues?
To tie together the loose ends, evolutionary approaches and the analysis of genome-wide association mapping could be the key. This requires extending functional studies to plants other than just Arabidopsis. We have already recognized that SLAC1 from data palm, a monocot, has both similar and different properties from that of Arabidopsis. To identify the molecular structures of SLAC/SLAH anion channels that are related to a specific function in different plant species, the ever-growing plant database has to be excavated by bioinformatics and 3D structural modelling.
From the authors' point of few, among the species that deserve most attention concerning their SLAC/SLAH anion channel structure and function are the grasses. Besides being our major crop species, grasses also offer stomatal complexes in which guard cells interact directly with their subsidiary cell counterpart. In this system, the role of SLAC/SLAH anion channels in signaldependent cell-to-cell polar transport of solutes and information can be addressed by combining state-of-the-art single-cell electrophysiology and molecular biology.
Accession numbers
DoSLAC1 (OEL21301.1), SbSLAC1 (OQU82188.1), ZmSLAC1 (ONM14749.1), OsSLAC1 (CAD41673.1), AcSLAC1 (OAY64547.1), PdSLAC1 (XP_008780343.1), MaSLAC1 (XP_ 009384523.1), MpSLAC1 (LN794219), KnSLAC1 (LN794222), SmSLAC1 (APA28903.1), SmSLAC2 (APA28905.1), CrSLAC1a (ANV22160.1), CrSLAC1b (ANV22161.1), AtSLAC1 (AT1G12480), BrSLAC1 (XP_009148588.1), VvSLAC1 (XP_ 002275215.1), CmSLAC1 (XP_008448932.1), CvMAE1/SLAC1 (XP_005847542.1), PpSLAC1 (Pp1s28_347V6.1), PpSLAC2 (Pp1s22_399V6.1).
